Abstract. 7 We have investigated the solar activity dependence of the electron den-8 sity at equatorial and low latitudes using six years of measurements between cause for this overestimation has been found to be the IRI's inadequate rep-30 resentation of the F2 layer maximum height (hmF2) in this sector, while the 31 IRI's lack of equatorial spread F seems to play only a very small role.
Introduction
The Earth's ionosphere is mainly formed via photo-ionization of the upper atmosphere by 33 solar EUV and X-ray radiation. Since the solar radiation changes significantly at various time 34 scales, the ionosphere tends to undergo similar variations. Among these, solar cycle is an impor-35 tant long-term variation [e.g. Bilitza and Hoegy, 1990; Balan et al., 1994a; Truhlík et al., 2003] .
36
A number of ionospheric quantities have been found to be solar cycle dependent, for instance, 37 the maximum F-region electron density (NmF2) and the related critical frequency (foF2), the 38 total electron content, etc [see e.g. Balan et al., 1994b; Bilitza and Williamson, 2000; Liu et al., 39 2006 Liu et al., 39 , 2007c . In addition to solar radiation, the state of the neutral atmosphere and ionospheric [Liu et al., 2007a] . And it is expected to play an important role as well in the solar cycle 48 dependence of the F-region ionosphere in tropical regions, and to distinguish the EIA trough 49 from crest regions. This forms the principle motivation of our study.
50
Another purpose of this study is to evaluate the IRI model in tropical regions. The IRI is an 51 important empirical climatological model of the Earth's ionosphere and has been continuously 52 updated [Bilitza, 1992 [Bilitza, , 2003 Obrou et al., 2003; Souza et al., 2003; Abdu et al., 2004] . This strongly affects the IRI's 59 predictions of the electron density in terms of either height profile or absolute values at certain 60 altitude in this local time sector [Uemoto et al., 2007; Liu et al., 2007b] . On the other hand,
61
this region is an interesting and important part of the ionosphere, where the combination of the 62 zonal wind and the local time/longitude gradient of the field-aligned integrated E-region con-63 ductivity across the evening terminator causes the development of the pre-reversal enhancement
64
(PRE) [see e.g. Kelley, 1989] . This subsequently raises the ionosphere to higher altitude, which 65 promotes the generation of the equatorial spread F (ESF) [Tsunoda, 1985] and the formation 66 of the fast neutral wind channel [Raghavarao et al., 1991] ing) predictions were generated for every sample point of the measurements. Only data under 86 quiet geomagnetic conditions (Kp≤3+) are used to limit effects from geomagnetic disturbance.
87
Furthermore, since the CHAMP orbit has decayed from 456 km height to about 350 km dur-
88
ing these six years, a normalization of the data to a common altitude of 400 km has been ap-
89
plied to possibly exclude variations induced by the orbit decay. The normalization is done as:
, where h denotes CHAMP's orbital height (h).
91
Although this procedure may introduce some uncertainties from the model to the data, for the 92 analysis of the solar activity dependence, it is highly necessary to avoid density variations due
93
to the large altitude changes.
94
In this study, we have chosen the proxy P = (F 10.7 + F 10.7A)/2 to represent the solar 95 activity. Here F10.7A is the 81-day average of the F10.7 values centered on the day of interest.
96
Previous studies [e.g. Richards et al., 1994; Liu et al., 2006] have shown that this proxy is Due to the smoothing behavior of P the range of the solar flux variation becomes smaller when 100 using P instead of F10.7 as the proxy. We have repeated the following analysis with both P and 101 F10.7, and found that using P gives a significantly higher correlation when the solar activity 
Results
In this section, after examining the solar activity dependence of the diurnal variations at the 106 dip equator, we expand in latitudes to investigate the EIA structure and its solar activity depen-
107
dence. In particular, we focus on the differences between the EIA crest and trough regions, and 108 also on the differences between the noon and post-sunset local time sectors. 
Solar activity dependence of the diurnal variation at the dip equator
We have compared the diurnal variation of the electron density obtained from CHAMP within
110

±5
• dip latitudes with that modeled by IRI at three different solar activity levels, low for P < 111 100, moderate for 100 ≤ P ≤ 150, and high for 150 < P < 200. Since saturation occurs for 112 P above 200 as shown by several studies [Balan et al., 1994b; Liu et al., 2006] and also will be 113 seen in section 3.2.2, data points at P ≥ 200 are not used in this section. It should be noted that 114 the diurnal variations presented here are longitudinally averaged.
115
We see in Figure 2 that at low and moderate solar activity levels, the Ne diurnal variation a striking CHAMP-IRI discrepancy stands out in the post-sunset period at high solar flux levels.
127
It reaches nearly 100% near March equinox and above ∼50% in other seasons. Consequently,
128
the IRI is unable to capture the midnight density maximum seen by CHAMP.
129
The post-sunset period is a region experiencing extreme electrodynamic processes and also there must be a more principle cause for the CHAMP-IRI discrepancy.
151
This principle cause is likely to be the IRI's inadequate representation of the F2 peak height in 152 post-sunset periods [Bilitza, 2003; Adeniyi et al., 2003; Souza et al., 2003; Abdu et al., 2004] . It ize the EIA structure is the crest-to-trough ratio (CTR). Similar to that given in Mendillo et al.
197
[2000], this parameter is defined here as CT R = N encrest+N escrest 2N e trough , which are the ratio of the 198 mean of the northern and southern EIA crest peak value to the minimum Ne in the EIA trough.
199
In this way, a CTR value of one indicates there is no discernible EIA structure. Table 1 the CTR varies within a small range from 1.14 for low P levels to 1.43 for very high P levels.
206
This reflects the fact that the noon-time EIA profiles tend to be lifted up as a whole, but with 207 little change in shape as seen in Figure 6 . In addition, the blue curve is falling nearly on top of an extremely high CTR value of 29.17. Therefore, the post-sunset EIA structure and the related 217 electron density exhibits a much stronger solar activity dependence than those around noon.
218
The cause for the depletion of the post-sunset trough region at P above 150 is possibly related
219
to the relative location of the observational altitude (400 km) to hmF2 at different solar activity 220 levels. As mentioned in section 3.1, the ionosphere is lifted to higher altitude due to the pre- to a stronger decrease of Ne at the dip equator, hence a larger CTR than the one that would 
The Ne-P correlation
245
Scatter plots of Ne over P in the EIA trough and crest regions are shown in Figure 7 and than those at noon in corresponding seasons. In the EIA trough region after sunset, however,
264
Ne is nearly uncorrelated with the solar flux, as indicated by the low "R" values in Figure 8 .
265
Detailed examination shows that the equatorial Ne tends to slightly increase with P at solar flux 266 levels with P<150, while decreases rapidly with P for P>150 around March equinox for in-
267
stance. This is consistent with the post-sunset EIA behavior in the trough region presented in 268 Figure 6 , where the trough Ne value increases first then depletes at P above 150. 
Discussion
We have investigated the solar activity dependence of electron density at an altitude of 400 by Huang and Cheng [1995] in TEC. Though explicit explanation was not given in their studies,
275
we think it is likely to be related to the dynamical effect of the equatorial fountain driven by 
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An important one is the solar activity dependence of the neutral density. In Figure 10 , we have Fejer et al. (1995) found that the F-region vertical plasma drift is nearly independent of solar 315 activity at daytime, but enhances considerably with solar activity after sunset. Therefore, extra 316 photo-ionization with increasing solar activity combined with a nearly constant vertical trans-317 port seems to have led to the increase of Ne at the noon-time dip equator at 400 km altitude.
318
In the post-sunset sector, no photo-ionization exists and the equatorial ionosphere experiences by pre-reversal enhancement and its strong solar activity dependence.
324
Regarding the IRI, we may conclude that it reproduces well the equatorial electron density 
